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Objective: The purpose of this study was to examine the association of intergenerational education and
country of birth with waist circumference, metabolic syndrome, and type 2 diabetes among older adult
Latinos in the United States.
Methods: We used cross-sectional data from the Sacramento Area Latino Study on Aging, a cohort of
older adult Mexican-American Latinos (mean age 5 70 years). At baseline, we measured waist circumfer-
ence and assessed metabolic syndrome and diabetes according to established guidelines (N 5 1,789).
Participants were classified as US-born or foreign-born based on self-reported birth country. Participants
reported their parents’ education level (6 vs. <6 years) and their own educational attainment (12 vs.
<12 years).
Results: US-born participants who achieved high adult education, regardless of their parents’ education,
had 37% lower odds of type 2 diabetes compared to US-born participants with both low parental and
personal education levels [e.g., multivariable-adjusted OR (parental low/adult high) 5 0.63; 95% CI 5
0.40, 0.99]. Among the foreign-born, only those with both high parental and high personal education lev-
els had 55% lower odds of large waist circumference (OR 5 0.45; 95% CI 5 0.23, 0.88) compared to
foreign-born participants with both low parental and personal education levels.
Conclusions: Intergenerational exposure to low education levels may increase central obesity and type 2
diabetes differentially among US-born and foreign-born Latinos.
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Introduction
Rising obesity rates in older adults (aged 60 years or over) continue
to be a major public health challenge for the United States (1).
Higher body mass index (BMI) and waist circumference are associ-
ated with a twofold increased risk of developing type 2 diabetes (2).
In the US, the incidence of type 2 diabetes doubled in the past dec-
ade and is highest among older adults (3). With cardiovascular and
metabolic diseases as the leading causes of death and health care
costs in the US (4), the obesity epidemic among older adults has the
potential to reduce recent gains in life expectancy in the US.
The obesity epidemic is exacerbated by marked socioeconomic, racial,
and ethnic disparities (5), as US minority groups are disproportion-
ately affected by this epidemic (5,6). Many Latinos, especially those
of Mexican descent, have a higher prevalence of obesity, metabolic
syndrome, and type 2 diabetes than non-Latino whites (7-9). They also
tend to experience suboptimal diabetes control and more frequent
complications from diabetes (10). Latinos are heterogeneous with
respect to their immigration history (immigrant vs. born in the US)
and to their motivation for immigration (e.g., attaining better economic
status or education). This heterogeneity contributes to variations in the
associations between social factors and health risks such as obesity,
metabolic disorders, and type 2 diabetes among Latinos (11,12).
One gap in the existing literature on the social determinants of
obesity, metabolic syndrome, and type 2 diabetes in aging
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populations is that it has largely involved non-Latino white and
black populations (13-21). Furthermore, obesity, metabolic syn-
drome, and type 2 diabetes represent the culmination of inflamma-
tory and other pathophysiologic risk factors that develop over long
periods of time. Therefore, epidemiologic studies of older popula-
tions may miss critical windows of susceptibility in which inter-
generational social factors influence long-term health risk. The
present study expands the literature on social determinants of car-
diovascular and metabolic health by examining how educational
attainment across generations (parental education and personal edu-
cational attainment) and by country of birth (US-born vs. foreign-
born) influences adult waist circumference, metabolic syndrome,
and type 2 diabetes in a large epidemiological cohort of older adult
Latinos in the US.
Methods
Study population
Participants included in this analysis were from the Sacramento
Area Latino Study on Aging (SALSA). SALSA is a prospective
cohort study of 1,789 community-dwelling older Mexican Ameri-
cans residing in California’s Sacramento Valley and aged 60-101
years at baseline in 1998-1999. The study population and the
recruitment of SALSA participants have been described elsewhere
(22). During home visits, we collected clinical data on participants
and reported health conditions, lifestyle, and sociodemographic
factors.
Measures
Assessment of waist circumference. We defined the waist as
the midway point between the iliac crest and the lower rib. During
baseline examination, we measured waist circumference (in inches)
at the level of maximum indentation over the abdomen using a tape
passed around the circumference. We identified maximum indenta-
tion by asking the participant to bend to one side and place their fin-
ger at the point where their body bent.
Assessment of metabolic syndrome and type 2 diabetes. We
ascertained baseline metabolic syndrome based on the guidelines
of the Third Adult Treatment Panel of the National Cholesterol
Education Program (23) whereby participants had to meet at least
three of the following five criteria: having abdominal obesity
[waist circumference >35 in. (88 cm) in women; >40 in. (102 cm)
in men], high triglycerides (150 mg/dl), low HDL cholesterol
(<50 mg/dl in women; <40 mg/dl in men), high blood pressure
(systolic 130 mm Hg, diastolic 85 mm Hg), and high fasting
glucose (100 mg/dl). We measured glucose and lipid levels from
fasting blood, and we measured systolic (SBP) and diastolic (DBP)
blood pressure using a digital blood pressure monitor. We ascer-
tained baseline type 2 diabetes as a fasting glucose level 126 mg/
dl, a self-report of a physician diagnosis, or use of any diabetes
medication.
Assessment of educational attainment across generations.
We were specifically interested in educational attainment as our
measure of socioeconomic status as it is potentially a modifiable
risk factor in future populations. We asked SALSA participants to
report how many years of school their mother and father com-
pleted: we classified maternal and paternal education levels as
“low” if they had less than 6 years of education (i.e., did not com-
plete elementary school) or “high” if they had 6 years of education
or more (i.e., completed elementary school or beyond). We then
chose the highest education of either the mother or the father as an
indicator of parental education. We also obtained participants’ own
education level by asking them how many years of school they
completed: we classified the responses as “low” if they had less
than 12 years of education (i.e., did not complete high school) or
“high” if they had 12 years of education or more (i.e., completed
high school or beyond). In line with prior SALSA publications
(22), our choice of the education cut points was driven by the data
distribution in both generations of our SALSA cohort. We then cre-
ated a four-level education measure representing the participants’
parental level of educational attainment and their own educational
attainment as an adult: (1) “Low/Low”: low parental education and
low adult education (referent category); (2) “High/Low”: high
parental education but low adult education; (3) “Low/High”: low
parental education but high adult education; and (4) “High/High”:
high parental education and high adult education. These education
groupings enabled us to easily translate interpretations about the
influence of different levels of education across generations on
adult disease outcomes.
Nativity. Nativity was based on participants’ report of their coun-
try of birth. Participants were classified as either US-born or
foreign-born (in Mexico or another Central or South American coun-
try) before migrating to the US. A total of 51.1% of the participants
were foreign-born, and nearly all (90%) of the immigrants were
born in Mexico.
Other covariates. For foreign-born participants, we calculated
“time since migration” as the difference between their age at enroll-
ment in our study and their reported age at migration. We assessed
depressive symptoms at baseline using the 20-item Epidemiologic
Studies-Depression Scale (CES-D) (range 0-60); and we ascertained
hypertension based on a self-report of a physician diagnosis, use of
antihypertensive medication, a systolic blood pressure >140 mm
Hg, and/or a diastolic blood pressure >90 mm Hg.
Statistical analyses
This is a cross-sectional analysis of intergenerational educational
attainment and the prevalence of large waist circumference, meta-
bolic syndrome, and type 2 diabetes at baseline. We first compared
baseline characteristics of the participants across the intergenera-
tional four-level education measure using Chi-square tests for cate-
gorical variables and t tests for continuous variables. We then used
multivariable logistic regression models to examine the associations
between the four-level intergenerational education measure and the
prevalence of large waist circumference, metabolic syndrome, and
type 2 diabetes. All regression analyses were performed separately
for the US-born and foreign-born. At the multivariable level, we
adjusted for age and gender and we included potential confounders
based on a priori literature as well as the potential confounders’
established associations with education and each of the outcomes of
interest. In regression models of the foreign-born, we additionally
adjusted for time since migration as a potential confounder. We did
not adjust for household income or occupation as they are largely
determined by educational attainment and likely lie in the mediating
pathway between educational attainment and adult disease.
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Furthermore, our measure of income was assessed in older age
when most participants are retired and thus does not capture wealth
or assets.
We performed the following sensitivity analyses. First, we con-
ducted logistic regression models to examine the associations
between the four-level intergenerational education measure and the
prevalence of individual components of metabolic syndrome, using
a separate model for each component. Second, we adjusted for
childhood exposures including markers of food deprivation (how
often participants did not have enough to eat while growing up) and
childhood health (whether any of their siblings died in childhood).
Third, to assess the potential for mediation of some of the behav-
ioral risk factors in the pathways of interest, we adjusted for smok-
ing, alcohol consumption, and physical activity. All P values were
based on two-sided tests. Statistical analyses were performed using
SAS v.9.2.
Before data imputation, one-fourth of the participants had miss-
ing data at any point during the study time, including baseline.
To accommodate missing data, a statistical team at the Univer-
sity of Michigan performed a sequential regression multivariate
imputation (SRMI) approach for the entire SALSA dataset. This
approach was conditioned on all observed variables as predictors,
thus providing less biased estimates compared to other
approaches, such as the list-wise deletion (24). The statistical
team produced five imputations for the SALSA dataset using the
Imputation and Variance Estimation Software. We summarized
regression analyses using the “MIANALYZE” procedure in
SAS. Details of the imputation technique are described elsewhere
(22).
Results
Of participants who were born in the US (N 5 874), 25.2% had
both high parental and personal education levels (high/high), 19.3%
had parents with low education yet achieved high adult education
personally (low/high, upward social mobility), 22.5% had parents
with a high education level but only attained low education levels
personally (high/low, downward social mobility), and 31.4% had
both low parental and personal education levels (low/low). Of the
foreign-born participants (N 5 908), the majority either had both
low parental and personal education levels (48.6% low/low) or had
parents with high education attainment but only attained low educa-
tional levels personally (35.5% high/low, downward social
mobility).
Among the US-born participants (Table 1), 56.6% were females.
Mean baseline age was 70.1 years (SD 5 6.4) and participants com-
pleted a mean of 9 years of education (SD 5 4.9). A total of 37.3%
had type 2 diabetes, and more than half had large waist circumfer-
ence, high triglycerides, high fasting glucose, high blood pressure,
and metabolic syndrome. US-born participants with high parental
and personal levels of education (high/high) were significantly
younger and less likely to have low HDL cholesterol, type 2 diabe-
tes, hypertension, and depressive symptoms.
Among the foreign-born participants (Table 2), 60.2% were
females. Mean baseline age was 71.2 years (SD 5 6.4) and par-
ticipants completed a mean of 5 years of education (SD 5 4.7).
A total of 29.4% had type 2 diabetes, more than half of the par-
ticipants had large waist circumference, high triglycerides, and
high blood pressure, and 49.9% had metabolic syndrome. Foreign-
TABLE 1 Distribution of baseline sample characteristics by intergenerational education level, among the US-born, SALSA
(N5874)
Parental education/adult education
High/high, Low/high, High/low, Low/low,
Overall
N5 220
(25.2%)
N5169
(19.3%)
N5 197
(22.5%)
N5 274
(31.4%) P value
Age at enrollment, mean (SD) 70.1 (6.4) 68.4 (5.6) 68.0 (5.5) 71.7 (6.8) 71.3 (6.5) <0.01
Years of adult education, mean (SD) 9.6 (4.9) 14.2 (2.5) 13.6 (2.2) 6.3 (3.3) 5.9 (3.3) <0.01
Years of parental education, mean (SD) 5.2 (4.3) 9.1 (2.9) 2.2 (1.9) 8.6 (2.7) 1.4 (1.9) <0.01
Females, n (%) 495 (56.6) 107 (48.6) 91 (53.9) 119 (60.4) 170 (62.0) 0.01
Health insurance, n (%) 852 (97.5) 216 (98.2) 163 (96.5) 190 (96.5) 269 (98.2) 0.47
Type 2 diabetes, n (%) 326 (37.3) 68 (30.9) 54 (32.0) 82 (41.6) 114 (41.6) 0.02
Metabolic syndrome, n (%) 458 (52.4) 101 (45.9) 89 (52.7) 110 (55.8) 148 (54.0) 0.18
Large waist circumference, inches, n (%)a 454 (52.0) 110 (50.0) 83 (49.1) 106 (53.8) 149 (54.4) 0.62
High triglycerides, mg/dl, n (%)a 480 (54.9) 117 (53.2) 97 (57.4) 108 (54.8) 151 (55.1) 0.88
Low HDL cholesterol, mg/dl, n (%)a 284 (32.5) 58 (26.4) 44 (26.0) 77 (39.1) 98 (35.8) 0.01
High fasting glucose, mg/dl, n (%)a 446 (51.0) 106 (48.2) 84 (49.7) 105 (53.3) 144 (52.6) 0.68
High blood pressure, n (%)a 586 (67.1) 140 (63.6) 110 (65.1) 139 (70.6) 184 (67.2) 0.48
Depressive symptoms (0-60), mean (SD) 8.6 (9.9) 5.6 (8.2) 6.7 (8.4) 9.9 (10.7) 11.1 (10.6) <0.01
Hypertension, n (%) 554 (63.4) 126 (57.3) 97 (57.4) 139 (70.6) 178 (65.0) 0.01
HDL, high-density lipoprotein; SALSA, Sacramento Area Latino Study on Aging.
aLarge waist circumference is >35 in. for women and >40 in. for men; high triglycerides is 150 mg/dl; low HDL cholesterol is <50 mg/dl for women and <40 mg/dl for
men; high fasting glucose is 100 mg/dl; high blood pressure is SBP 130 or DBP85.
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born participants with high parental and personal levels of educa-
tion (high/high) were less likely to have large waist circumfer-
ence, low HDL cholesterol, and depressive symptoms.
For US-born participants, results from multivariable logistic regres-
sion models showed a significant education gradient in the preva-
lence of type 2 diabetes (P < 0.05) (Table 3). In fully adjusted mod-
TABLE 2 Distribution of baseline sample characteristics by intergenerational education level, among the foreign-born, SALSA
(N 5 908)
Parental education/adult education
High/high, Low/high High/low, Low/low,
Overall
N5 72
(7.9%)
N554
(6.0%)
N5 322
(35.5%)
N5 441
(48.6%) P value
Age at enrollment, mean (SD) 71.2 (7.7) 70.5 (7.4) 71.3 (8.6) 71.4 (7.9) 70.9 (7.2) 0.74
Years of adult education, mean (SD) 5.0 (4.7) 14.4 (3.6) 13.3 (1.6) 4.0 (3.1) 3.2 (3.0) <0.01
Years of parental education, mean (SD) 4.8 (4.4) 9.9 (4.1) 2.5 (1.8) 8.5 (2.7) 1.4 (1.9) <0.01
Females, n (%) 547 (60.2) 40 (55.6) 32 (59.3) 194 (60.3) 270 (61.2) 0.84
Health insurance, n (%) 764 (84.1) 67 (93.1) 50 (92.6) 267 (82.9) 364 (82.5) 0.04
Type 2 diabetes, n (%) 267 (29.4) 23 (31.9) 17 (31.5) 84 (26.1) 133 (30.2) 0.56
Metabolic syndrome, n (%) 453 (49.9) 27 (37.5) 23 (42.6) 159 (49.4) 232 (52.6) 0.08
Large waist circumference, inches, n (%)a 467 (51.4) 25 (34.7) 26 (48.2) 170 (52.8) 237 (53.7) 0.02
High triglycerides, mg/dl, n (%)a 467 (51.4) 39 (54.2) 27 (50.0) 153 (47.5) 237 (53.7) 0.37
Low HDL cholesterol, mg/dl, n (%)a 312 (34.4) 15 (20.8) 11 (20.4) 106 (32.9) 167 (37.9) <0.01
High fasting glucose, mg/dl, n (%)a 401 (44.2) 30 (41.7) 26 (48.2) 136 (42.2) 197 (44.7) 0.80
High blood pressure, n (%)a 628 (69.2) 46 (63.9) 37 (68.5) 228 (70.8) 305 (69.2) 0.72
Depressive symptoms (0-60), mean (SD) 11.3 (11.0) 8.1 (10.1) 8.7 (9.1) 10.7 (10.7) 12.3 (11.3) <0.01
Hypertension, n (%) 556 (61.2) 35 (48.6) 37 (68.5) 192 (59.6) 281 (63.7) 0.06
HDL, high-density lipoprotein; SALSA, Sacramento Area Latino Study on Aging.
aLarge waist circumference is >35 in. for women and >40 in. for men; high triglycerides is 150 mg/dl; low HDL cholesterol is <50 mg/dl for women and <40 mg/dl for
men; high fasting glucose is 100 mg/dl; high blood pressure is SBP 130 or DBP  85.
TABLE 3 Multivariate logistic regression models for the associations between intergenerational education level and prevalence
of large waist circumference, metabolic syndrome, and type 2 diabetes, SALSA
US-born Foreign-bornd
Parental education/adult education
(Ref 5 low/low)
Parental education/adult education
(Ref 5 low/low)
High/high Low/high High/low High/high Low/high High/low
OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Large waist circumference
Unadjusted 0.82 0.55, 1.20 0.81 0.55, 1.21 0.88 0.56, 1.39 0.44 0.24, 0.80 0.87 0.47, 1.63 0.99 0.73, 1.34
Adjusteda 0.90 0.59, 1.37 0.86 0.57,1.31 0.89 0.56, 1.42 0.45 0.23, 0.88 0.76 0.36, 1.59 0.95 0.66, 1.38
Metabolic syndrome
Unadjusted 0.76 0.51, 1.13 1.01 0.65, 1.58 1.02 0.60, 1.72 0.52 0.27, 1.00 0.79 0.34, 1.86 0.97 0.64, 1.48
Adjustedb 0.72 0.48, 1.08 0.90 0.57, 1.42 0.99 0.59, 1.64 0.60 0.32, 1.11 1.01 0.48, 2.11 0.94 0.61, 1.45
Type 2 diabetes
Unadjusted 0.60 0.41, 0.89 0.62 0.41, 0.95 0.91 0.57, 1.44 1.12 0.55, 2.28 1.16 0.53, 2.53 0.94 0.64, 1.39
Adjustedc 0.63 0.41, 0.95 0.63 0.40, 0.99 0.95 0.58, 1.55 1.18 0.56, 2.51 1.43 0.67, 3.04 1.10 0.71, 1.69
CI, confidence intervals; OR, odds ratio; SALSA, Sacramento Area Latino Study on Aging.
Significance of bold values at P < 0.05.
*P < 0.05.
aAdjusted for age, gender, diabetes, hypertension, and depressive symptoms.
bAdjusted for age, gender, and depressive symptoms.
cAdjusted for age, gender, large waist circumference, hypertension, and depressive symptoms.
dAll models of the foreign-born are adjusted for time since migration to the United States.
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els, US-born participants who achieved high adult education, regard-
less of their parents’ education, had significantly lower odds of type
2 diabetes (parental high/adult high: OR 5 0.63; 95% CI 5 0.41,
0.95; parental low/adult high: OR 5 0.63; 95% CI 5 0.40, 0.99),
compared to participants with both low parental and adult education
levels. The education gradients in waist circumference and meta-
bolic syndrome were not significant. Similarly, the education gra-
dients in other components of metabolic syndrome (e.g., low HDL
cholesterol and high fasting glucose) were not significant from logis-
tic regression models (data not shown).
For foreign-born participants (Table 3), there was a significant edu-
cation gradient in the prevalence of large waist circumference (P <
0.05). In fully adjusted logistic regression models, foreign-born par-
ticipants with both high parental and personal education levels
(high/high) had 55% lower odds of having large waist circumference
(OR 5 0.45; 95% CI 5 0.23, 0.88), compared to participants with
both low parental and personal education levels (low/low). The edu-
cation gradient in type 2 diabetes and metabolic syndrome was not
statistically significant. Similarly, the education gradients in other
components of metabolic syndrome (e.g., low HDL cholesterol and
high fasting glucose) were not statistically significant in logistic
regression models (data not shown).
As depicted in Figure 1, the prevalence of large waist circumference
was significantly lower for foreign-born participants whose parents’
education was high and who also personally achieved high adult
education levels (parental high/adult high). On the other hand, the
prevalence of type 2 diabetes was significantly lower for US-born
participants who achieved high adult education, regardless of their
parents’ educational attainment (parental high/adult high or parental
low/adult high).
Discussion
The findings in our study demonstrate the sizable burden of long-
term cardiovascular and metabolic risk associated with patterns of
intergenerational educational attainment. Our findings suggest that
achieving high adult education confers a 37% lower probability of
type 2 diabetes among US-born older adult Latinos, regardless of
Figure 1 Prevalence of (A) large waist circumference, (B) metabolic syndrome, and (C) type 2
diabetes by intergenerational education levels, for the US-born and foreign-born.
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their parents’ educational attainment. Education, however, does not
significantly influence central obesity or metabolic syndrome in US-
born Latinos. On the other hand, foreign-born older adult Latinos
only benefitted from having both high parental and high adult edu-
cational attainment for lower waist circumference-up to a 55% lower
odds. A similar association was observed for high education across
generations and lower odds of metabolic syndrome among the
foreign-born, but the confidence interval (CI) included the null
value. The large advantages conferred by intergenerational education
for waist circumference among foreign-born Latinos did not hold for
type 2 diabetes risk. Taken in the context of rising obesity preva-
lence and the growth of the aging Latino population in the US, our
study fills an important gap in the literature by providing evidence
that there are key periods across the life course, varying according
to country of birth, in which parental or personal education may
substantially reduce the odds of having large waist circumference
and type 2 diabetes.
Factors that may explain the impact of adult educational attainment
on the long-term risk of large waist circumference, metabolic syn-
drome, and type 2 diabetes may include differences in behavioral
and psychosocial factors, exposure to stress, and access to health
care. For example, lower socioeconomic status has been associated
with structural and behavioral risk factors, such as lack of access to
nutritious food, prevalence of smoking, and inadequate opportunities
for physical activity (25-27). These structural and behavioral risk
factors have profound influences on waist circumference, metabolic
syndrome, and type 2 diabetes (28). Furthermore, the stress of living
in a low socioeconomic environment has been shown to be associ-
ated with dysfunction of the hypothalamic-pituitary-adrenocortical
(HPA) axis (29), which in turn is a potential pathway leading to
central obesity and dysregulation of insulin sensitivity (30). More-
over, subjects residing in low socioeconomic environments may be
more vulnerable to the negative impact of stressful life events on
their health (31).
In addition to the direct influence of participants’ adult educational
attainment on health in older age, by including parental education
as an exposure, we investigated the hypothesis that a host of early
life experiences may exert influence on the associations observed
here. Early life influences of low parental education may reflect
exposure to detrimental environments while growing up, such as
poor housing quality, environmental stressors, and a lack of an
academically stimulating early life environment (32,33). These
early-life exposures likely influence the educational attainment of
children and ultimately shape their adult living environment, access
to resources, and health behaviors, all of which can influence waist
circumference, metabolic syndrome, and type 2 diabetes risk.
When we further adjusted, in our sensitivity analysis, for other
childhood exposures, such as food deprivation and sibling mortal-
ity, our main findings were slightly attenuated but conclusions
remained the same. The early-life environment may also influence
the children’s (i.e., SALSA participants’) motivation for migration
and thus the age at migration, which will then impact the types of
exposures and likelihood of developing health conditions in the
receiving country.
To crudely assess the potential for mediation of some of the behav-
ioral risk factors in the pathways of interest, as a sensitivity analysis,
we additionally adjusted for smoking, alcohol use, and physical
activity. The associations were only slightly attenuated, suggesting
that these factors may be partial mediators, but do not fully explain
the pathways between education and outcomes of interest. There-
fore, other structural factors such as stress related to exposure to dis-
crimination and the safety and availability of walkable neighbor-
hoods and recreational areas should be examined as potential
additional mediating factors.
Our findings suggest an association between higher adult education
and increased odds of type 2 diabetes among the US-born, and an
association between higher education across generations and lower
waist circumference among the foreign-born. A similar trend was
observed for higher education and lower odds of metabolic syn-
drome among the foreign-born, but it did not reach statistical signifi-
cance levels in fully adjusted models. There are several factors that
may explain the observed heterogeneity by country of birth. For
example, migration, which has been associated with the develop-
ment of unhealthy behaviors, is likely to induce differing trajectories
depending upon place of birth and age at migration. A change in
disease risk of immigrating populations has been supported in multi-
ple studies, including Latinos (11). In our study, the US-born were
more likely to have worse cardiovascular risk profile (e.g., high fast-
ing glucose and high triglycerides) and a clustering of risk factors
(e.g. metabolic syndrome) than their foreign-born counterparts. In
other studies, individuals who never migrated to the US, such as
Mexicans of Mexico City reported in the CARMELA study (Cardio-
vascular Risk Factor Multiple Evaluation in Latin America), showed
generally a lower burden of cardiovascular risk factors (34). Along
those lines, it is possible that those born in the US have developed
cardiovascular and metabolic risk factors over the life course (i.e.,
had more exposure time) and thus needed fewer triggers to move on
to the development of type 2 diabetes by age 60 (study baseline
age). On the other hand, foreign-born individuals may have had less
exposure to risk factors given that their time spent in the US has
been of a shorter duration. Therefore, foreign-born individuals may
be more likely to have developed central obesity by age 60 and less
likely to have developed type 2 diabetes, and may only develop it at
later ages or across later generations.
The observed association between intergenerational education and
central obesity is a key finding for foreign-born Latinos, a group
with high obesity rates (35). Central obesity is a component of meta-
bolic syndrome and a risk factor for developing type 2 diabetes,
which represents a more advanced clinical endpoint. Therefore, an
early diagnosis of the components of metabolic syndrome, particu-
larly central obesity, can help in designing early interventions target-
ing lifestyle and behavioral risk factors. While we would have
expected to see an association between education and other compo-
nents of metabolic syndrome, the lack of such associations, espe-
cially among the foreign-born, may be due to limited heterogeneity
in cardiometabolic risk factors at the lower end of intergenerational
education.
Our findings are consistent with prior literature suggesting that soci-
oeconomic exposures influence waist circumference and type 2 dia-
betes. The majority of prior work, however, focused on non-Latino
white and black populations, neglected intergenerational effects of
education, and reported inconsistent findings (13,14,36,37). Simi-
larly, prior work incorporated limited research from studies includ-
ing older adult Latinos (18-21). Our findings were consistent with
those from the Proyecto VER study of Hispanics aged 40 years old
and above, in which adult socioeconomic status was associated with
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type 2 diabetes (20). Our results were also consistent with a recent
analysis from NHANES that included Mexican Americans and
showed an inverse socioeconomic gradient with diabetes (19). It is
important to note that none of these previous studies examined inter-
generational effects of socioeconomic status. To our knowledge,
there is only one recent study that explored the association between
intergenerational education (parental and adult) and obesity among
immigrants (38). However, their study focused on young adults (up
to 33 years old), used only BMI as a measure of obesity as opposed
to waist circumference, and examined a heterogeneous Hispanic
group—in terms of country of origin—in addition to other racial
groups.
In the context of life course determinants of adult disease, our find-
ings suggest that life course theories related to cumulative disad-
vantage may vary by nativity. Among US-born, our findings suggest
a pathway model whereby childhood SES may shape adulthood
SES, but adulthood SES is the etiologically relevant exposure for
adult disease. Among foreign-born, our findings suggest a cumula-
tive disadvantage model whereby both childhood and adulthood SES
together are etiologically relevant exposure periods that influence
adult disease. Finally, while the literature suggests that prenatal
exposures influence adult disease (39), we did not collect this data
in our study and thus could not explore any potential latent effect of
these factors on adult disease.
There are a few limitations in our study. First, participants had to
survive until age 60 and above to be eligible in this study, which
could result in selection bias. Second, parents’ education was self-
reported and is therefore subject to recall bias. However, studies
have shown that self-report of parental socioeconomic characteristics
are valid and generally in high agreement with parent’s report (40).
Furthermore, given the possibility of a differential access to higher
education and differences in the quality of education across geo-
graphic regions between the US-born and foreign-born, our findings
should be interpreted with caution. Third, education may be a
marker for other unmeasured factors that influence cardiometabolic
disorders such as chronic malnutrition or environmental stressors
(33) that were unavailable in this study. Fourth, our relatively small
sample size when stratifying subjects into US-born and foreign-born
categories may have reduced our power to identify statistically sig-
nificant associations for some outcomes. Finally, given the heteroge-
neity of risk across Latino subgroups, it is important to note that our
findings are generalizable to US Latinos who are of Mexican
descent. Despite these limitations, to the best of our knowledge, this
study is the first to examine the association of intergenerational edu-
cation and nativity with waist circumference, metabolic syndrome,
and type 2 diabetes among older adult Latinos. Furthermore, the cur-
rent analysis used objective measures of type 2 diabetes and features
of metabolic syndrome rather than self-report, as is common in other
studies of Latinos.
In conclusion, the findings from our study fill an important gap in
the literature on education across generations and metabolic risk in
older adult Latinos, one of the fastest growing aging populations in
the US. Our findings suggest the need to further examine the socioe-
conomic changes occurring across generations of Latinos as immi-
grants assimilate in the US and how these factors ultimately influ-
ence health outcomes in older age.O
VC 2015 The Obesity Society
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